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INTRCDUCTION

The use of protective equipment by today's soldier is essential to
enhance and ensure his ability to perform on the battiefield. The soldier's
protective equipment must be designed with its effect on the total system
being a primary consideration.

This study investigated the effects of three prototype versions of the
XM-40 Chemical Protective (CP) mask on the hearing protactive and communicative
functions of the SPH-4 aviator helmet. The effects oi the masks on hearing
protection were determined by a comparison of the real-ear attenuation for the
SPH-4 with and without the mask. The effects ov the masks. on communication
were assessed in terms of speech intelligibility in two modes. They were (1)
a comparison of the listener's ability to discriminate words with and without
the mask when -the speaker used the standard SPH-4 with its standard boom
microphone; and (2) a comparison of the listener's ability to discriminate
words while wearing a standard SPH-4 when the speaker was wearing each of the
three prototype masks.. The primary difference beiween the three masks was
in the configurition of the microphone within the mask.

The request for this evaluation was initiated by the US Army Aviation
Boarc. ' ' :

METHODS AND INSTRUMENTATION
REAL-EAR ATTENUATION

The real-ear attenuation of the SPH-4 helmet, when worn in combination
with one of *“¢ three CP masks, was measured using the ANSI Standard S3.19- .
1974. Since the principle difference between the three prototypes was the
microphone configuration inside the mask and since in this case the microphone
position does not affect attenuation. It was deemed appropriate to test
only one mask prototype for attenuation. Ten listeners were college students
with normal hearing. They were required to have hearing thresholds for both
ears not greater than 10 dB at the 250-1000 Hertz test frequencies and no
higher than 20 dB at any other 'test frequency as measursd on a standard
audiometry (ANSI S3.6-1969). The same listeners were used to evaluate the -
real-ear attenuation characteristic of the same SPH-4 with and without the
mask. . '

The real-ear attenuation measufement was conducted in a custom-built :
Tracoustics Corporation Audiometric Examination Room* measuring 10°'X9°'4"X6'6"
(1Xwxh) located at the Acoustical Sciences Research Group Laboratory, Sensory

*See Appendix B.




Research Division, United States Aeromedical Research Labofatory;'Fort Rucker,
Alabama. This room had been modified to give the reverberant characteristics
specified in the standard. : .

The signals used in the test were generated and controlled by the
instrumentation shown in Figure 1. The noise generator (Bruel and Kjaer
(B&K) Type 1405)* was set to output.white noise into the band pass fiiter,
B&K Type 1618. The electronic switch, Grason-Stadler Type 1287B*, was pulsed
with a one Hertz symmetric square wave control signal. The rise and.fall
time of the electronic switch was adjusted to 30 milliseconds to exclude
audible transients during on-off or off-on transitions of the test signal.
The spectrum shaper was used to provide an equalized output sound pressure
level at the listener's head position over tke total frequency bandwidth
of the test signals. Th: step attenuator provided the exper1menter with a
calibrated control of tie test signal to check the subject's reliability.
Also it extended the useable range of the recording attenuator. This is
useful especially for devices which have high efficiency in the low
frequencies. ,

The recording attenuator was moditied to .include a 0.5% linearity
potentiometer with its wiper shaft position directly related to the attenua-
tor levei. This is related directly to the output level of the test signal
presenied to the listener. The recording attenuator's motor direction was .
controllied by ““e subject with a noiseless photoelectric switch. For each
test sound, the listener.controlled the signal level in the fashion described
by Von Bekesy (1947) to determine the threshold of audibility. At each:
reversal point of the tracking process, the potentiometer output was input
into the microprocessor control system where it was processed. The system
summed 10 reversal points, computed the average, and this output was sent to
a printer. The real-ear attenuation was determined by taking the differences
between hearing threshold values méasured under two conditions. A free-field
reference threshold was obtained for all test signals with the listener's
head position fixed by the use of a chin rest. An attenuated threshold
measurement then was made under identical conditions except the Jistener
wore an SPH-4 with or without a C? mask. A full standard real-ear
attenuation test (three attenuation values for each test frequency for each
of the 10 ]1steners) was run for both conditions.

INTELLIGIBILITY

Appendix A shows various views of the masks evaluated in this experiment.
The speech 1nte1.1glbi11ty of each prototype XM-40 mask worn in combination
with the SPH-4 helmet was measured using phonetlcaIIy balanced (PB) words.
~ The 1ist of words used in this experiment is descrited in ANSI $3.2-1960
(R1971). "Each list consisted of 50 PB words. A different PB word list
was assigned to each uf five test conditions which are summarized in Table 1.

A1l speaker conditions utilized PB words recorded by a single speaker
in a simulated UH-60A aircraft noise environment shown in Table 2. The
speech sa;ples used in this experiment were recorded on a Nagra Model SJ*
.magnetic tape recorder. The sample lists were reproduced and adjusted in

4




"Wa3SAS 3531 uojjenually av3-peay C1 3uml4

zzel an 8921 0N c6zi an
0IQvY TVHINID YFIAVLS—-NOSVHO ¥TQVLS-NOSYND
H3dVHS NruLD3dS M3NINY ¥3IMOd HOLVNNALLY JA1S
vZorel on
¥IIAVLS—-NOSYND
HOLWNINIALLY ONIGNOD3IN
a8z 1an 8181 AN . co¥l O
YTIAVLS—NOSVHO ¥3IVMN ® EnNY ¥IVPN ® TNNg _ .
HOLIMS JINOLLOTT3 Y314 SSvd CNvE YOLVYINID 3ISION ~ NOOM aNNOS
| l~.| .
8P. NI NOLLISOd . . J .
¥3L3INOUNILOd NMOG “dn
_ TONLINOD HOLON : -
. , ’ , -4
38608 N
T_u 01 "ANOD o\‘L ) oY HOLIMS
/~\ . SYINIVILS : TONINOD
\ )
INUNOY NOUWBITYD STOMINOD (v
: M3IINMd OL SINdLNO GNY
Ldda ‘SIYWNOS ‘VAVO QNOHSINHL IOVNIAY (C
_ Taivg SNOISHNDX3 QIOHSINHL SHOLINONW ('Z -
YN VL1910 NOULIMIQ HOLOM STI0MINOD (-1 Nouwyarnvo (¢
viva vy (T
0¥ Sid am 1353 (4
001 OMd - :
M3LNANOD—~0NDIN INdNI ¥O1VH3dO

W3ALSAS 1S31 NOILVNNILLY ¥V3 LEL




level with a Grason-Suzdler 1701 Dz nostic Audiometer*. Each list was
presented to the subjezt in the :simulated aircraft noise environment through
the SPH-1 communication system ¢ a level which was 10 4B above speech recep-
tion threshold (SRT). The SRT was determined with a "high quality" speech
signal presented to the listener for each of the test conditions. The SRT
was used to equalize the speech level at the listener's ear for ali

test conditions. This provides for a measure of intelligibiiity of each
device relative to the other devices in the sample at equal listener levels.
The order of the five test conditions was randomized for each subject. It
must be understood that the percentage scuies may not represent those
achievable for conditiond different from those tested. °

Ten subjects were used in this part of the study. Each subject had
normal hearing which-is defined as no more than 10 dB hearing loss (reference
ANSI S3.6-1969) for the frequencies 250, 500, and 1000 Hertz and no more
than 20 dB8 hearing loss for the frequencies 2000, 3000, 4000, 6000, and
8000 Hertz.

TABLE
CONDITIONS USED IN THE EVALUATION OF SPEECH INTELLIGIBILITY.

Test Condition .Speaker's Condition Listener's Condition
1 Wearing SPH-4  Wearing SPH-4
2 Wearing SPH-4 Wearing SPH-4 with
: . o Prototype C ‘
3 Wearing SPH-4 Wearing SPH-4 ‘

with Prototype A

4 Wearing -SPH-4 " Vearing SPH-4
' ., with Prototype B ‘

5 Wearing SPH-4 Wearing SPH-4
: ' with Prototype C ' ’

Note: Prototype A was marked XM-43.
...~ ' Prototype B was marked 2A/C.
'Prototype C was marked M15.
The prototype designation was made by the US Army
Aviation Board. The abgcve mentioned markings were on
the CP masks when received at USAARL.
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TABLE 2
OCTAVE-BAND SOUND PRESSURE LEVELS OF THE SIMULATED UH-60A NOISE ENVIRONMENT.

Octave-Band Center Frequencies in Hertz

63 125 250 500 1K 2K 4K 8K 16K
97 57 98 95 89 88 82 83 80

RESULTS AND DISCUSSION

REAL-EAR ATTENUATIOM

The objective of the real-ear attenuation test was to assess the effects
of the XM-40 CP mask on the noise attenuation ability of the SPH-4. The mean
real-ear attenuation values by test frequency are shown in Table 3. A com-
parison of tha attenuation results for the SPH-4 and tha SPH-4 in combination
with the mask reveals little difference in the attenuation of the 5PH-4 with
and without the mask except at 2 kHz, 6.3 kHz, and 8 kHz. Evaluation of mean
attenuation data by individual T-tests with 53 degrees of freedom and « =.05
indicates significant differences at 2 kHz (1=2.05), 6.3 kHz (T7=4.67}, and
8 kHz (T=2.84). Although the effects on attenuation are less severe than
those noted by Mozo (1984) in a similar test of the M-24 and XM-33 CD masks,
the current data indicate that high frequercy attenuaticn is compromised
significantly when the XM-40 mask is used vith the SPH-4 helmet.

'SPEECH INTELLIGIBILITY

The intelligibility portion of the study was divided into two parts:
(1) the effects of XM-30 mask configuration on the listener's ability to
understand speech and (2) the effects of the various microphone configura-
tions within the mask on the talker's speech intelligibility.

Fur the first part of the intelligibility test. only one prototype
mask was selected. The average listener's speech intalligibility under

.the two experimental conditions are contained in Table 4. With both

speaker and listener wearing the SPH-4 only, the mean intelligibility was
62.4% and the standard deviation was 10.0%. When the listener donned the
XM-40 C? mask, the mean was 44.2% with a standard deviation of 11.6%. A
repeatec measures one-way analysis of variance (ANOVA) as described by Winer
(1962) was done on the intelligibility scores. An a priori error rate (=)
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TABLE 3 ff
 MEAN AND STANDARD DEVIATIONS OF REAL-EAR ATTENUATION VALUES MEASURED [N dB =
FOR SPH-4 HELMET WITH AND WITHOUT THE XM-40 CP MASK. )
Test Frequencies in Hertz . .
80 125 250 500 1K 2K 3.5 4K 6.3k €K o
SPH-4 ‘
Mean 16.2 12.7 12.3 21.7 °'19.4 30.1 42.6 47.4 49.7 48.1 _
5D 5.4 4.0 34 4.3 3.1 2.5 35 3.8 5.3 6.0 3
SPH-4 with Prototype C ™
Mean 15.0 12.7 12.8 22.9 19.5 31.5 41.2 46.1 42.5 43.7 o
) 5.4 4.3 3.9 4.4 2.8 2.7 3.8 4.9 6.4 5.8 ;;
T-values "
0.85 0.0 0.52 1.05 0.13 2.05% 1.46 1.13 4.67% 2.84 i
* p<.05, df = 58 -
| " TABLE 4 , |
EXPERIMENTAL LISTENER'S CONDITIONS, TALKER WITH SPH-4 ONLY. o
S — Test Condition _ Mean ~ Standard Deviation
SPH-4 62.40 10.10 1
SPH-4 with . - 44.20 11.56 —
Prototype C - o
8 :




of .05 was selected. The result of this ana]ys1s indicates the XM-40
CD mask sigrnificantly degrades a listener's ability to understand speech when
compared with the SPH-4 alone (F(1,9) = 21.99, p<.001). .

As noted, when the talker used the Soom microphone under these -
experimental conditions, mean speech intelligibility was 62.4%.  Table 5
contains the mean talker speech intelligibility and standard deviation (SD)
for the SPH-4 alone and in combination with the three prototype
CC masks. When the talkers donned the XM-40 mask identified as prototype A,
average talker speech intelligibility was reduced to 46.4% with SD = 7.59.
Prototype B yielded .2 mean of 52.4% discrimination and a SD = 8.2. . The mask"
identified as prototype C resulted in a mean of 49.0% and a SD = 9.1. To
determine the significance of differences in speech intelligibility for
the various masks, the data were analyzed using a repeated measure one-way
ANOVA model with a priori rate (=) of .05. The results indicated that the
main effect for m1crophone configuration is significant (F(3,27) = 11.40,
p< .001). Examination of the results in Table 5 suggest that this significant
effect of microphone is a result of the degradation of 1nte111g1b111ty of
prototype A and C compared to the SPH-4.

| TABLE 5
EXPFRIMENTAL TALKER'S CONDITIONS, LISTENERS 'WITH SPH-4 ONLY.

T TEREIET L ESE IS FIRSSSUISELETT T O ST c e — 1 TR = TR =+ e e

Test Condition ‘ Mean Standard Deviaion
SPH-4 62.4C 10.10

SPH-4 with 46.40 ' 7.59
Prototype A

$PH-4 with 52.40 | 8.15
Prototype B ' o
SP1i-4 with ' 49.00 _ ' 9.06"

Prototype C

. It is important to remember the experimental conditions created a
~very difficult listening situation in order to magnify the differences in
performance of the different prototype microphone configurations as
compared with the SPH-4 alone. ' Better results would be expected from
all four devices under more opt1ma1 listening conditions.




CONCLUSIONS AND RECOMMENDATIONS

Based on the results of this study, it is concluded that wearing the
XM-40 CP mask with the SPH-4 aviator helmet compromises noise attenuation
at 2 kHz, 6.3 kHz, and 8 kHz, but that the compromise of attenuation is less
than that experienced with the M-24 and XM-33 CP masks. It was further con-
cluded that wearing the XM-40 mask significantly decreased the ability of a
listener to understand speech communication received via an SPH-4 helmet.

With regard to talker intelligibility, the independent variablz was
microphone configuration within the mask. None of the microphone placements
resulted in performance as good as the SPH-4 boom microphone, but of the
configurations considered, the prototype identified as "B" was best during
the present study. '

It is recommended that further efforts be made to improve CP mask
compatibility with the SPH-4 helmet. It is further recommended that careful
attention be given to microphone placement within the mask. The microphone
should never be placed outside the mask.

10
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APPENDIX A
Various Views of Three Prototype XM-40 CP Masks.
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APPENDIX B

List of Manufacturers

Altec Lansing Corporation
1515 S. Manchester Avenue
“Anaheim, California 92803

Bruel and Kjaer Instruments Incorporated
185 Forest Street
Mariborough, Massachusetts 01752

Datel Systems Incorporated
1020 Turnpike Street
Canton, Massachusetts 02021

Grason-Stadler
56 Winthrop Street
Concord, Massachusett; 01742

Nagra Magnetic Recorders Incbrporated
19 West 44th Street, Room 715
New York, New York 10036

Pro Log Corporation
- 2311 Garden Road
Monterey, California 93940

Tracoustics Incorporated

P.0. Box.3610
Austin, Texas 78764
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600 North Quincy Street

Arlington, VA 22217

Defense Techaical Information Certer

‘Cameron Station
. Alexandria, VA 22314

US Army Materiel Development &
Readiness Command
5001 Eisenhower Avenue

"'Alexandtia. VA 22333,

ATTN: DRXBR-OD~ST (Technical Reports) :

Aberdeen Proving Ground, MD 210055066  :

US Army Environmental Hygiene
Agency Library

Bldg E210G

Aberdeen Proving Ground, MD 21010
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US Army Foreign Science &
Technology Ceater

ATTN: MTZ

220 7th Street, NE :

Charlottesville, VA  22901-5396
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Cormandant .

US Army Aviation Loglstlcs School
ATTN: ATI~TDN

Fort Eus:is, VA 23604

Director

Applied Technology Laboratory
USARTL-AVSCOM

ATTN: Library, Bldg 401
Fort Eustis VA 23604

us Army Training §& Doctrine Command
ATTN: ATCD-ZX
Fort Monroe,vVA 23651

Commander-:

US Army Training & Doctrine Command
ATTJ: Surgeon

Fort Monroe, VA 23651-5000

Structures Laboratory Library
USARTL-~AVSCOM

NASA Langley Research Center
Mail Stop 266

Hampton, VA 23665

Naval Aerospace Medical
Institute Library

Bldg 1953, Code 102

Pensaccla, FL 32508

US Air Force Armament Development
& Test Center
Eglin Air Force Base, FL 32562

Command Surgeon
US Central Command -
MacD4ill AFB, FL 33608

US Army Missile Command

‘Redstone Scientific Information Center
ATTN: Document Section’ . '
Redstone Arsenal, AL 35898-5241

Air University Library
(AUL/LSE)
Maxwell AFB AL 36112

Commander
US Army Aeromadical CenCQr
Fort Rucker, AL 36362

Commander

US Army Aviation Center &
Fort Rucker

ATTN: ATZQ-CDR .

Fort Rucker, AL 36362

Director

Directorate of Combat Developments
Bldig 507

Fort Rucker. AL 36362

' Director

Directorate of Training Development
Bldg 502
Fort Rucker, AL 36362

Chief
Army Research Institute Field Unit
Fort Rucker, AL 36362

Commander
US Army Safety Center

' Fort Rucker, AL 36362

Commander

US Army Aviation Center &
Fort Rucker

ATTN: ATZQ-T~ATL

Fort Rucker, AL 36362

Commander

US Army Aircraft Development
Test Activity

ATTN: STEBG-MP-QA

Cairns AAF

Ft Rucket AL 36362

President ‘ _
US Army Aviation Board
Cairns AAF

Fort Rucker, AL 36362 .

Us Army Research & Technology
Laboratories (AVSCOM;

" Propulsion Laboratory MS 302-2

WASA Lewis Research Center
Cleveland, OH 44135

AFAMRL /HEX _
Wright Pattersca AFB, OH 45433




US Air Force Institute of
Technology (AFIT/LDEE)

Bldg 640, Area B

Wright-Patterson A¥B, OH 45433

Jokn A. Dellinger, MS, ATP

T W

- University of Illinois - Willard Alrport

3avoy, IL 61874

.Henry L. Taylor
Director
Institute of Aviation

University of Illinois - Willard Alrport

_ Savoy, IL 61874

Commander

US Army Aviation Systems Command
ATTN: DRSAV-WS :

© 4300 Goodfellcw Boulevard

St. Louis, MO 63120-1798

Project Officer

Aviation Life Support Equipment
ATTN: AMCPO-ALSE ‘

4300 Goodfellow Boulevard

St. Louis, MO 63120-1798

Commander

US Army Aviation Systems Command
ATTN: SGRD-UAX-AL (MAJ Lacy)

Bldg 105, 4300 Goodfellow Boulevard
. St. Louis, MO 63120

Commander

US Army Aviation Systems Command
ATTN: DRSAV-ED

4300 Goodfellow Boulevard

St. Louis, MO. 63120

U3 Army Aviation Systems Command
Library & Information Center Branch
ATTN: DRSAV-DIL

4300 Goodfellow Boulevard

St. Louis, MO 63120

Commanding Officer

Naval Biodynamics Labo  atory
P.0. Box 24907 :

New Orleans, LA 70139
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Federal Aviation Administration
Civil Aeromedical Institute
CAMI Library AAC 64Dl

P.0. Box 25082°

Oklahoma City. OK 73125

US Army Field Artillery School
ATTN: Library

Snow Hall, Room 14

Tort. Sill, OK 73503

Commander

US Army Academy of Health Sciences
ATTM: Library

Fort Sam Houston, TX 78234

Comnander

US Army Health Services Command
ATTN: HSOP-SO

Fort Sam Houston, TX 78234-6000

Commander
US Army Institute of Surgical Research
ATTN: SCRD-USM (Jan Duke)

-Fort Sam Houston, TX 78234-6200

Direcﬁor of Professional Services
AFMSC/GSP

'Broo&s Air Force Base, TX 78235

US Air Force School of

Aerospace Medicine.
Strughold Aeromedical Library
Documents Section, USAFSAM/TSK-4
Brooks Air Force Base, TX 78235

US. Army Dugiway Proving Ground

Technical Library ‘
Bldg 5330
Dugvay, UT 84022

Dr. Diane Damos ‘

Psychology Department

Arizona State University
Tempe, AZ 85287 '

US Army Yuma Proving Ground
Technical Librarvy
Yuma, AZ 85364
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" Presidio

US Army White Sands Missile Range
Technical Library Division =
White Sands Missile Range

New Mexico, 88002

US Air Force Flight Test Center
Technical Library, Stop 238 ‘
Edwards Air Force Base, CA 93523

US Army Aviation Engineering

Flight Activity
ATTN: SAVTE-M (Tech Library) Stop 217
Edwards Air Force Base, CA 93523-5000

. Commander
Code 3431
Naval Weapons Center
China Lake, CA 93555

US Army Combat Developments
Experimental Center

Technical Information Center

Bldg 2925

Fort Ord, CA 93941-5000

Aeromechanics Laboratory
US Army Research &
Technical Laboratories
Ames Research Center, M/S 215-1
Moffett Field, CA 94035

Commander .

Lettermah Army Iastitute of Research

ATTN: Mfdical Research Library . |
of San Francisco, CA 94129

Sixth US| Army '
ATTN: SMA ,
Presidio| of San Francisco, CA 94129

Director ‘
Naval Bipsciences Laboratory
Naval Supply Center, Bldg 844 -
Oakland,| CA 94625 .
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Col G. Stebping
USDAO-AMLO, US Embassy
Box 36

FPO New York (9510

Staff Officer, Aerospace Medicine
RAF Staff, British Embassy

3100 Massachusetts Avenue, NW
Washington, DC 20008

Canadian Society of Aviation Medicine
¢/o Academy of Medicine, Toronto
ATTN:  Ms. Carmen King

288 Bloor Street West

Toronto, Ontario M55 1V8

Canadian Air Line Pilot's Association
MAJ J. Soutendam (Retired)

1300 Steeles Avenue East

Brampton, Ontario, L6T lA2

Canadian Forces Medical Liaison Officer
Canadian Defence Liaison Staff

2450 Massachusetts Avenue, NW
Washington, DC 20008

Comm.nding Officer
404 Squadron CFB Greenwood

‘ Greenwood, Nova Scotia BOP INO

Officer Commanding

School of Operational &
Aerospace Medicine

DCIEM, P.O. Box 2000

1133 Sheppard Avenue West

Downsview, Ontario H3M'339

‘National Defence Headquarters

101 Colorel By Drive

 ATTN: DPM
Ottowa, Ontario KIA OK2
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Canadian Army Liaison Office
Bldg 602
Fort Rucker, AL 36362

Netherlands Army Liaison Office

. Bldg 602

Fort Rucker, AL 36362

German Army Liaison Office
Bldg 602 |
Fort Rucker, AL 36362

British Army Liaison Office
Bldg 602

- Fort Rucker, AL 36362

French Army Liaison Office
Bldg 602
Fort Rucker, AL 36362






